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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In the application of: 

Thomas FRANZ et al. 

Serial No.: Not yet assigned 

Filing Date: February 1 9, 2002 

For: CIRCUIT AND METHOD FOR 
DETERMINING AN OFFSET 
ERROR OF A MEASUREMENT 
SUBJECT TO AN OFFSET ERROR 
OF A COIL CURRENT OF AN 
ELECTROMAGNETIC 
ACTUATOR (AS AMENDED) 

PRELIMINARY AMENDMENT 

BOX PCT 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination on the merits, please amend this application as follows: 
In the Specification: 

Page 1 , before the first paragraph, please delete the following: 
Description 

Page 1, before the first paragraph, please change the Title as follows: 

CIRCUIT AND METHOD FOR DETERMINING AN OFFSET ERROR OF A 

MEASUREMENT SUBJECT TO AN OFFSET ERROR OF A COIL CURRENT OF AN 

ELECTROMAGNETIC ACTUATOR 
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Examiner: Not yet assigned 

Group Art Unit: Not yet assigned 



Page 1, between lines 6 and 7, please insert the following headings and paragraph: 

CLAIM FOR PRIORITY 
This application claims priority to International Application No. PCT/DE00/02691 which 
was published in the German language on August 10, 2000. 

TECHNICAL FIELD OF THE INVENTION 

Please replace the paragraph beginning line 7 of page 1 with the following rewritten paragraph: 

The invention relates to a circuit and a method for determining the offset error of a 
measurement, and in particular, determining the offset error of a measurement that is subject to 
an offset error of a coil current of an electromagnetic actuator. 

Page 1, between lines 1 1 and 12, please insert the following heading: 

BACKGROUND OF THE INVENTION 

Please replace the consecutive paragraphs beginning at line 12 of page 1 with the following 
rewritten paragraphs: 

Electromagnetic actuators, which for example drive a gas exchange valve of an internal 
combustion engine, usually have at least one coil. An electromagnetic actuator for gas exchange 
valves is known, for example, from DE 297 12 502 Ul or EP 0 724 067 Al. It has a rest 
position, which lies between a closed position and an open position and from which it can be 
deflected by means of electromagnets. 

To open or close a gas exchange valve driven by the actuator, the coil assigned to the 
respective final position is supplied with current, the required current being greater in the capture 
phase than in the holding phase, in which the gas exchange valve is held in the final position of 
the actuator. 

If the corresponding electromagnet is provided with current, the valve disk of the gas 
exchange valve hits the valve seat at high speed, which produces noise and is conducive to wear. 
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To avoid this, the striking speed must be reduced. For this purpose, the current supply is 
suitably controlled. 

For this purpose, the coil current of the electromagnetic actuators is measured. This can 
take place, for example, by potential taps at a resistor connected in series with the coil. 
According to Ohm's law, the current can be calculated from the value of the resistance and the 
measured voltage drop. 

The voltage drop is usually sensed with an analog circuit. In such an analog circuit, an 
offset error is unavoidable, i.e. the measured voltage is too great or too small. A measuring 
device which performs an automatic offset voltage compensation is known from DE 34 29 854 
Al, but a special hybrid module is required for it, which is relatively expensive. A similarly 
acting circuit arrangement is known from DE 34 48 182 C2. In this case, a memory module is 
used for the offset compensation. 

Page 2, between lines 14 and 15, please insert the following headings and paragraphs: 

SUMMARY OF THE INVENTION 

In one embodiment of the invention, there is a method for determining the offset error of 
a measurement, where the measurement is subject to such an offset error of a coil current of an 
electromagnetic actuator, comprising measuring the coil current through a corresponding coil 
when the actuator is in a final position in which the coil is not supplied with current during the 
operation of the actuator, and providing the value obtained as the offset error. 

In another aspect of the invention, the coil current is measured by potential tapping 
before and after a resistor connected in series with the coil, wherein the potential taps are being 
fed to a differential amplifier, and a constant value is added to a value output by the differential 
amplifier. 

In another aspect of the invention, the actuator has two coils respectively assigned to the 
final position, and the coil current through the coil not assigned to the present final position is 
measured to determine the offset error. 

In yet another aspect of the invention, the method includes supplying the coil assigned to 
the final position with a capture current and a holding current such that the actuator is transferred 
into the final position. 
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In another embodiment of the invention, there is a circuit for determining the offset error 
of a measurement, the measurement subject to an offset error of a coil current I of an 
electromagnetic actuator, the circuit comprising at least one coil with a resistor connected in 
series into a supply line of the coil, a differential amplifier to which the potential on both sides of 
the resistor is fed, and a control circuit which evaluates the output of the differential amplifier 
when the coil is not carrying any current during the operation of the actuator, and the value 
obtained is output as the offset error I Q . 

In another aspect of the invention, wherein the output of the differential amplifier is fed 
together with the output of a constant-voltage source to an adding element such that an offset 
error of a specific polarity is obtained. 

In another aspect of the invention, the actuator has first and second coils assigned to a 
final position, and a resistor is connected in the supply line to each coil, the differential amplifier 
taps the voltage dropping across the resistor, and the control circuit evaluates outputs of the 
differential amplifiers. 

In still another aspect of the invention, the control circuit for supplying current to the first 
and second coils transfers the actuator into a final position, and the first coil assigned to the final 
position carries a capture current and a holding current, and the control circuit evaluates the 
output of the differential amplifier of the second coil. 

In another aspect of the invention, the offset error Io is determined and low-pass-filtered 
multiple times. 

BRIEF DESCRIPTION OF THE DRAWINGS 
An exemplary embodiment of the invention is explained in more detail below with 

reference to the drawings, in which: 

Figure 1 shows a section through an actuator for a gas exchange valve of an internal 

combustion engine. 

Figure 2 shows the time series of the current flow through the two coils of Figure 1. 
Figure 3 shows a circuit for sensing the coil current through a coil. 

Figure 4 shows the states passed through during the operation of the gas exchange valve 
in a flow diagram. 

4 

Serial No. Not yet assigned 
Docket No. 449122021000 

dc-303286 



;£ OO H- c 3 S *£? S 0 15 : 0,fi OEi: 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Please replace the paragraph beginning line 15 of page 2 with the following rewritten paragraph: 

The invention relates to a circuit of an electromagnetic actuator and a method for 
determining the offset error of a measurement that is subject to such an offset error of the coil 
current of an electromagnetic actuator, with the result that no special modules are required. 

Please delete the paragraph beginning at line 22 of page 2 in its entirety. 

Please replace the consecutive paragraphs beginning at line 25 of page 2 with the following 
rewritten paragraphs: 

In the invention, there is a final position of the actuator in which a coil is not supplied 
with current. If the coil current is measured at this point in time, the offset error can be 
determined. 

In the case of an actuator which is used, for example, for driving a gas exchange valve 
and for opening or closing the gas exchange valve, the coil assigned to the corresponding final 
position is firstly supplied with a capture current. Then, a holding current is supplied, and the 
determination of the offset error is preferably performed on that coil which is assigned to the 
other final position when the coil supplied with current is in the holding phase. This is because, 
at this point in time, the coil of the circuit for which the offset error is being determined is not 
supplied with current. In the capture phase, on the other hand, the coil is still briefly supplied 
with current during the capture phase for the delayed transfer of the actuator into the other final 
position. Since, for example, the current from its previous holding phase can still decay. 

Please delete the paragraph beginning at line 12 of page 3 in its entirety. 

Please delete the paragraph beginning at line 15 of page 3 and ending at line 31 of page 3 in its 
entirety. 

Please replace the paragraph beginning line 33 of page 3 with the following rewritten paragraph: 
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Figure 1 shows an electromagnetic actuator 1 for a gas exchange valve. The actuator 1 is 
shaped, for example, as which is designed as a disk valve and comprises a valve disk 2 with a 
valve seat 3 and a valve stem 4, which is mounted in a guide 5 on the housing side and is 
provided at the upper end with a conical piece 6. The valve disk is moved by the actuator 1 
between two final positions: in an upper final position, the gas exchange valve is closed and in a 
lower final position it is open. 

Please replace the paragraph beginning line 1 1 of page 5 with the following rewritten paragraph: 
In Figure 2, the current I through the coil 14 or 16 is plotted over time t. In this case, the 
current I through the coil 14 is represented by a solid line, the current through the coil 16 is 
represented by a dashed line. This current flow is set by the control circuit 28, in order with the 
aid of a capture current circuit to switch the valve over into the other final position, respectively, 
reliably and without bouncing. For this purpose, the holding current Hs, Ho holding the 
armature 18 in the respective final position is switched off, so that the armature is set in motion 
in the direction of the other final position by the relevant, relaxing spring. At the same time, the 
corresponding winding 14 or 18 is supplied with the capture current Fo, Fs. For closing the 
valve, the coil 14 is supplied with the capture current Fs. If the armature 18 is resting on the end 
face 19, the coil 14 is then supplied with lower holding current Hs, which is sufficient to hold the 
armature 18, and consequently the gas exchange valve, in the closed position. 

Please replace the consecutive paragraphs beginning at line 7 of page 6 with the following 
rewritten paragraphs: 

The gas exchange valve passes through the states I to IV represented in Figure 4. In state 
I, the valve is closed and the holding current Hs is flowing in the coil 14. Next, in state II, the 
valve is opened, for which purpose the coil 16 is supplied with the capture current Fo, and the 
holding current Hs in the coil 14 slowly decays. Once the armature 18 has come up against the 
end face 20, the supply of current to the coil 16 is switched over to the holding current Ho and 
the valve is open (state III of figure 4). For closing, the coil 14 is in turn provided with capture 
current, which is represented in figure 4 as state IV. Once the armature 18 has come up against 
the end face 19, state I exists again. 

6 

Serial No. Not yet assigned 
Docket No. 449122021000 



dc-303286 



In order then to be able to use the current through the coil 14, 16 in the control circuit 28, 
a measurement of the coil current is necessary. A driver circuit used for this purpose is 
represented, together with a more accurate representation of the control circuit 28, by way of 
example in Figure 3. Figure 3 shows the driver circuit 26 for the coil 14. The driver circuit 27 is 
designed in an analogous way. 

As shown in Figure 3, the coil 14 is activated by an asymmetric half-bridge. In this case, 
the coil 14 is connected between a highside FET Th, which on the other hand is connected to the 
supply voltage Vcc, and a lowside FET Tl, which in turn is connected via a resistor R to the 
reference potential. Connected in the forward direction between the reference potential and the 
connecting nodes of the coil 14 to the highside FET Th is a diode D2. Connected in the forward 
direction between the connecting nodes of the coil 14 to the lowside FET Tl and the supply 
voltage Vcc is a diode Dl. Finally, the supply voltage Vcc is connected to the reference 
potential via a capacitor C. Between the lowside FET Tl and the reference potential there lies a 
resistor R. 

Please replace the consecutive paragraphs beginning at line 21 of page 7 with the following 
rewritten paragraphs: 

If the desired current is zero, the highside and lowside FETs Th, Tl are turned off In this 
state, no current flows through the resistor R and the voltage at the input of the differential 
amplifier 30 is zero. On account of the internal construction of the differential amplifier 30, it is 
possible however for a negative voltage to be present at the output as the result of an offset error. 
In the case of a measuring chain of a unipolar construction, as usually used in automotive 
electrical engineering, however, a negative measuring voltage is undesired. For this reason, an 
artificially generated offset is added on at the adding node 31. For this purpose, the output of a 
constant-voltage source 32 is additionally fed to the adding node 31. Consequently, there is a 
positive voltage present at the input of the filter 33. 

For determining the offset error, the resistor R must not be flowed through by a current. 
This is accomplished for the coil 14 in the holding phase of the other coil 16, since this is the 
final position in which the coil 14 for the circuit 26 of which the offset error is to be determined 
is not supplied with current. After determination of the offset error I Q of the non-activated coil, 
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the actual current I m can be corrected as follows when the coil is next activated in the then- 
following cycle: I corr = I ni - I Q 

Please replace the consecutive paragraphs beginning at line 19 of page 8 with the following 
rewritten paragraphs: 

This weighted average value is one possible form of low-pass filter; others are 
conceivable as readily understood by the skilled artisan. In this case, I 0) , is the ith measurement 
of the offset error, I m is the actual value of the current(raw value of the analog/digital converter 
34) and k is a weighting factor. 

The low-pass filtering takes account of the realization that the offset error I c fluctuates in 
a temperature-dependent manner and changes slowly with respect to the sampling rate with 
which the offset error is determined. 

In the Claims: 

What is claimed is: 

1 . (Amended) A method for determining the offset error of a measurement, where the 
measurement is subject to such an offset error of a coil current of an electromagnetic actuator, 
comprising: 

measuring the coil current through a corresponding coil when the actuator is in a final 
position in which the coil is not supplied with current during the operation of the actuator; and 
providing the value obtained as the offset error. 

2. (Amended) The method as claimed in claim 1 , wherein the coil current is measured by 
potential tapping before and after a resistor connected in series with the coil, wherein 

the potential taps are being fed to a differential amplifier, and a constant value is added to 
a value output by the differential amplifier. 

3. (Amended) The method as claimed in claim 1, wherein the actuator has two coils 
respectively assigned to the final position, and 

the coil current through the coil not assigned to the present final position is measured to 
determine the offset error. 
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4. (Amended) The method as claimed in claim 3, further comprising: 

supplying the coil assigned to the final position with a capture current and a holding 
current such that the actuator is transferred into the final position. 

5. (Amended) A circuit for determining the offset error of a measurement, the 
measurement subject to an offset error of a coil current I of an electromagnetic actuator, the 
circuit comprising: 

at least one coil with a resistor connected in series into a supply line of the coil; 

a differential amplifier to which the potential on both sides of the resistor is fed; and 

a control circuit which evaluates the output of the differential amplifier when the coil is 

not carrying any current during the operation of the actuator, and the value obtained is output as 

the offset error I G . 

6. (Amended) The circuit as claimed in claim 5, wherein the output of the differential 
amplifier is fed together with the output of a constant- voltage source to an adding element such 
that an offset error of a specific polarity is obtained. 

7. (Amended) The circuit as claimed in claim 5, wherein the actuator has first and second 
coils assigned to a final position, and 

a resistor is connected in the supply line to each coil, the differential amplifier taps the 
voltage dropping across the resistor, and the control circuit evaluates outputs of the differential 
amplifiers. 

8. (Amended) The circuit as claimed in claim 7, wherein the control circuit for supplying 
current to the first and second coils transfers the actuator into a final position, and 

the first coil assigned to the final position carries a capture current and a holding current, 
and the control circuit evaluates the output of the differential amplifier of the second coil. 
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9. (Amended) The method as claimed in claim 1 , wherein the offset error I G is 
determined and low-pass-filtered multiple times. 

In the Abstract: 

Please replace the Abstract with the substitute Abstract attached hereto. 
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REMARKS 



The above amendments to the specification, claims, and abstract have been made to place 
the application in proper U.S. format and to conform with proper grammatical and idiomatic 
English. None of the amendments herein are made for reasons related to patentability. No new 
matter has been added. 

Attached hereto is a marked-up version of the changes made to the specification and 
claims by the current amendment. The attached page is captioned " Version w ith markings to 
show changes made ". 

In the unlikely event that the transmittal letter is separated from this document and the 
Patent Office determines that an extension and/or other relief is required, applicant petitions for 
any required relief including extensions of time and authorizes the Commissioner to charge the 
cost of such petitions and/or other fees due in connection with the filing of this document to 
Deposit Account No. 03-1952 referencing docket no. 449122021000 . However, the 
Commissioner is not authorized to charge the cost of the issue fee to the Deposit Account. 




Respectfully submitted, 



Dated: 



February 19, 2002 



Morrison & Foerster llp 
2000 Pennsylvania Avenue, N.W. 
Washington, D.C. 20006-1888 
Telephone: (202) 887-6924 
Facsimile: (202) 263-8396 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

For the convenience of the Examiner, the changes made are shown below with deleted 
text in strikethrough and added text in underline. 
In the Specification: 

Page 1, before the first paragraph, please delete the following: 
De s cription 

Page 1, before the first paragraph, please change the Title as follows: 

CIRCUIT AND METHOD FOR DETERMINING THE AN OFFSET ERROR OF A 
MEASUREMENT THAT IS SUBJECT TO SUCH SUBJECT TO AN OFFSET ERROR 
OF THE A COIL CURRENT OF AN ELECTROMAGNETIC ACTUATOR 



Page 1, between lines 6 and 7, please insert the following headings and paragraph: 

CLAIM FOR PRIORITY 
This application claims priority to International Application No. PCT/DE00/02691 which 
was published in the German language on August 10, 2000. 

TECHNICAL FIELD OF THE INVENTION 

Please replace the paragraph beginning line 7 of page 1 with the following rewritten paragraph: 

The invention relates to a circuit and a method for determining the offset error of a 
measurement , and in particular, determining the offset error of a measurement that is subject to 
sueh an offset error of the a coil current of an electromagnetic actuator. 

Page 1, between lines 1 1 and 12, please insert the following heading: 

BACKGROUND OF THE INVENTION 
12 
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Please replace the consecutive paragraphs beginning at line 12 of page 1 with the following 
rewritten paragraphs: 

Electromagnetic actuators, which for example drive a gas exchange valve of an internal 
combustion engine, usually have at least one coil. An electromagnetic actuator for gas exchange 
valves is known^for example Jrom DE 297 12 502 Ul or EP 0 724 067 Al . It has a rest 
position, which lies between a closed position and an open position and from which it can be 
deflected by means of electromagnets. 

To open or close a gas exchange valve driven by this the actuator, the coil assigned to the 
respective final position is supplied with current, the required current being greater in the capture 
phase than in the holding phase, in which the gas exchange valve is held in the final position of 
the actuator. 

If the corresponding electromagnet is in this case simply provided with current, the valve 
disk of the gas exchange valve hits the valve seat at high speed, which produces noise and is 
conducive to wear. To avoid this, the striking speed must be reduced. For this purpose, the 
current supply is suitably controlled. 

For this purpose, it is neces s ary in the case of electromagnetic actuators to measure the 
coil current of the electromagnetic actuators is measured . This can take place, for example, by 
potential taps at a resistor connected in series with the coil. By moans of According to Ohm's 
law, the current can be calculated from the value of the resistance and the measured voltage drop. 

The voltage drop is usually sensed with an analog circuit. In the cas e of such an analog 
circuit, an offset error is unavoidable, i.e. the measured voltage is too great or too small. A 
measuring device which performs an automatic offset voltage compensation is known from DE 
34 29 854 Al, but a special hybrid module is required for it, which is relatively expensive. A 
similarly acting circuit arrangement is known from DE 34 48 182 C2. In this case, a memory 
module is used for the offset compensation. 

Page 2, between lines 14 and 15, please insert the following headings and paragraphs: 

SUMMARY OF THE INVENTION 
In one embodiment of the invention, there is a method for determining the offset error of 
a measurement, where the measurement is subject to such an offset error of a coil current of an 

electromagnetic actuator, comprising measuring the coil current through a corresponding coil 
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when the actuator is in a final position in which the coil is not supplied with current during the 
operation of the actuator, and providing the value obtained as the offset error. 

In another aspect of the invention, the coil current is measured by potential tapping 
before and after a resistor connected in series with the coil, wherein the potential taps are being 
fed to a differential amplifier, and a constant value is added to a value output by the differential 
amplifier. 

In another aspect of the invention, the actuator has two coils respectively assigned to the 
final position, and the coil current through the coil not assigned to the presen t final position is 
measured to determine the offset error. 

In yet another aspect of the invention, the method includes supplying the coil assigned to 
the final position with a capture current and a holding current such that the actua tor is transferred 
into the final position. 

In another embodiment of the invention, there is a circuit for determining the offset error 
of a measurement, the measurement subject to an offset error of a coil current I of an 
electromagnetic actuator, the circuit comprising at least one coil with a resistor connected in 
series into a supply line of the coil, a differential amplifier to which the potential on both sides of 
the resistor is fed, and a control circuit which evaluates the output of the differential amplifier 
when the coil is not carrying any current during the operation of the actuator, and the value 
obtained is output as the offset error I n . 

In another aspect of the invention, wherein the output of the differential amplifier is fed 
together with the output of a constant-voltage source to an adding element such that an offset 
error of a specific polarity is obtained. 

In another aspect of the invention, the actuator has first and second coils assigned to a 
final position, and a resistor is connected in the supply line to each coil, the diffe rential amplifier 
taps the voltage dropping across the resistor, and the control circuit evaluates outputs of the 
differential amplifiers. 

In still another aspect of the invention, the control circuit for supplying current to the first 
and second coils transfers the actuator into a final position, and the first coil assigned to the final 
position carries a capture current and a holding current, and the control circuit evaluates the 
output of the differential amplifier of the second coil. 
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In another aspect of the invention, the offset error I n is determined and low-pass-filtered 
multiple times. 

BRIEF DESCRIPTION OF THE DRAWINGS 
An exemplary embodiment of the invention is explained in more detail below with 

reference to the drawings, in which: 

Figure 1 shows a section through an actuator for a gas exchange valve of an internal 

combustion engine. 

Figure 2 shows the time series of the current flow through the two coils of Figure L 
Figure 3 shows a circuit for sensing the coil current through a coil. 

Figure 4 shows the states passed through during the operation of the gas exchange valve 
in a flow diagram. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Please replace the paragraph beginning line 15 of page 2 with the following rewritten paragraph: 

The invention is based on the object of providing a relates to a circuit of an 
electromagnetic actuator and a method for determining the offset error of a measurement that is 
subject to such an offset error of the coil current of an electromagnetic actuator, with the result 
that no special modules are required. 

Please delete the paragraph beginning at line 22 of page 2 in its entirety. 

Please replace the consecutive paragraphs beginning at line 25 of page 2 with the following 
rewritten paragraphs: 

Th e invention is based on the r e alization that In the invention, there is a final position of 
the actuator in which a coil is not supplied with current. If the coil current is measured at this 
point in time, the offset error can be determined from this . 

In the case of an actuator which is used^for example^for driving a gas exchange valve 

and in the case of which, for opening or closing the gas exchange valve, the coil assigned to the 

corresponding final position is firstly supplied with a capture current and then with . Then, a 
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holding current is supplied , and the determination of the offset error is preferably performed on 
that coil which is assigned to the other final position when the coil supplied with current is in the 
holding phase. This is because, at this point in time, it is ensured that the coil of the circuit for 
which the offset error is being determined is not supplied with current. In the capture phase^on 
the other hand, this is not ensured, since for example th e current from its previou s holding phase 
can still decay or, under certain circumstances, the coil is still briefly supplied with current 
during the capture phase for the delayed transfer of the actuator into the other final position. 
Since, for example, the current from its previous holding phase can still decay. 

Please delete the paragraph beginning at line 12 of page 3 in its entirety. 

Please delete the paragraph beginning at line 15 of page 3 and ending at line 31 of page 3 in its 
entirety. 

Please replace the paragraph beginning line 33 of page 3 with the following rewritten paragraph: 
Figure 1 shows an electromagnetic actuator 1 for a gas exchange valve which is designed 
a s. The actuator 1 is shaped, for example, as which is designed as a disk valve and comprises a 
valve disk 2 with a valve seat 3 and a valve stem 4, which is mounted in a guide 5 on the housing 
side and is provided at the upper end with a conical piece 6. The valve disk is moved by the 
actuator 1 between two final positions: in an upper final position, the gas exchange valve is 
closed and in a lower final position it is open. 

Please replace the paragraph beginning line 1 1 of page 5 with the following rewritten paragraph: 

In fF igure 2, the current I through the coil 14 or 16 is plotted over time t. In this case, the 

current I through the coil 14 is represented by a solid line, the current through the coil 16 is 

represented by a dashed line. This current flow is set by the control circuit 28, in order with the 

aid of a capture current circuit to switch the valve over into the other final position, respectively, 

reliably and without bouncing. For this purpose, the holding current Hs, Ho holding the 

armature 18 in the respective final position is switched off, so that the armature is set in motion 

in the direction of the other final position by the relevant, relaxing spring. At the same time, the 

corresponding winding 14 or 18 is supplied with the capture current Fo, Fs. For closing the 

valve, the coil 14 is supplied with the capture current Fs. If the armature 18 is resting on the end 
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face 19, the coil 14 is then only supplied with lower holding current Hs, which is sufficient to 
hold the armature 18, and consequently the gas exchange valve, in the closed position. 

Please replace the consecutive paragraphs beginning at line 7 of page 6 with the following 
rewritten paragraphs: 

In other worda, t The gas exchange valve passes through the states I to IV represented in 
fFigure 4. In state I, the valve is closed and the holding current Hs is flowing in the coil 14. 
Next, in state II, the valve is opened, for which purpose the coil 16 is supplied with the capture 
current Fo, and the holding current Hs in the coil 14 slowly decays. Once the armature 18 has 
come up against the end face 20, the supply of current to the coil 16 is switched over to the 
holding current Ho and the valve is open (state III of figure 4). For closing, the coil 14 is in turn 
provided with capture current, which is represented in figure 4 as state IV. Once the armature 18 
has come up against the end face 19, state I exists again. 

In order then to be able to use the current through the coil 14, 16 in the control circuit 28, 
a measurement of the coil current is necessary. The A driver circuit requir e d used for this 
purpose is represented-Jogether with a more accurate representation of the control circuit 28J}y 
way of example in fFigure 3. Figure 3 shows the driver circuit 26 for the coil 14. The driver 
circuit 27 is designed in an analogous way. 

As can be seen shown in fFigure 3, the coil 14 is activated by an asymmetric half-bridge. 
In this case, the coil 14 is connected between a highside FET Th, which on the other hand is 
connected to the supply voltage Vcc, and a lowside FET Tl, which in turn is connected on the 
other hand via a resistor R to the reference potential. Connected in the forward direction 
between the reference potential and the connecting nodes of the coil 14 to the highside FET Th is 
a diode D2. Connected in the forward direction between the connecting nodes of the coil 14 to 
the lowside FET Tl and the supply voltage Vcc is a diode Dl. Finally, the supply voltage Vcc is 
connected to the reference potential via a capacitor C. Between the lowside FET Tl and the 
reference potential there lies a resistor R. 

Please replace the consecutive paragraphs beginning at line 21 of page 7 with the following 
rewritten paragraphs: 
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If the desired current is zero, the highside and lowside FETs Th, Tl are turned off. In this 
state, no current flows through the resistor R and the voltage at the input of the differential 
amplifier 30 is zero. On account of the internal construction of the differential amplifier 30, it is 
possible however for a negative voltage to be present at the output as the result of an offset error. 
In the case of a measuring chain of a unipolar construction, as usually used in automotive 
electrical engineering, however, a negative measuring voltage is undesired. For this reason, an 
artificially generated offset is added on at the adding node 3 1 . For this purpose, the output of a 
constant- voltage source 32 is additionally fed to the adding node 3 1 . Consequently, there is a 
positive voltage present at the input of the filter 33. 

For determining the offset error, it must b e ensured that the resistor R is must not be 
flowed through by a current. This can only be ensured is accomplished for the coil 14 in the 
holding phase of the other coil 16, since this is the conc e rns a final position in which the coil 14 
for the circuit 26 of which the offset error is to be determined is not supplied with current. After 
determination of the offset error I Q of the non-activated coil, the actual current I m can be 
corrected as follows when the coil is next activated in the then-following cycle: Wr = I m - Io 

Please replace the consecutive paragraphs beginning at line 19 of page 8 with the following 
rewritten paragraphs: 

This weighted average value is one possible form of low-pass filter; others are 
conceivable as readily understood by the skilled artisan . In this case, I 0 ,, is the ith measurement 
of the offset error, I m is the actual value of the current(raw value of the analog/digital converter 
34) and k is a weighting factor. 

This The low-pass filtering takes account of the realization that the offset error I Q 
fluctuates in a temperature-dependent manner and changes only slowly with respect to the 
sampling rate with which the offset error is determined. 

In the Claims: 

Patent claims 
What is claimed is: 
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1 . (Amended) A method for determining the offset error of a measurement that, where 
the measurement is subject to such an offset error of the a coil current of an electromagnetic 
actuator (l), in which method 

, comprising: 

the mfin r .urememt that i r, subj e ct to the offset error of measuring the coil current through a 
coil (1 4 , 16) is performed corresponding coil when the actuator ft) is in a final position in which 
the coil (1 4 , 16) is not supplied with current during the operation of the actuator^; and 

providing the value obtained is taken as the offset error. 

2. (Amended) The method as claimed in claim 1 , characterized in that wherein the coil 
current is measured by potential tapping before and after a resistor connected in series with the 
coilfM, wherein 

the potential taps are being fed to a differential amplifier(30), and a constant value bemg 
is added to the a value output valu e of by the differential amplifie r(30) in order always to obtain 
an offset e rror signal of a specific polarity „ 

3. (Amended) The method as claimed in on e of th e prec e ding claim s , characterized in 
thot 7 m f hn mr .n nfnn nrtnntnr (1 ) with two coils (1 1 . 16} claim L wherein the actu a tor has two 
coils respectively assigned to a the final position, and 

the coil current through that the coil (1 4 , 16) which is not assigned to the present final 
position is measured for d e t e rmining to determine the offset error. 

4. (Amended) The method as claimed in claim 3, characteriz e d in that, for transferring 
the actuator (1) into a final position, the coil (1 4 , 16) assigned to this final po s ition is firstly 
supplied further comprising: 

supplying the coil assigned to the final position with a capture current and th e n, after 
reaching the final position, with a holding current, and in that then the determination of the offset 
nrmr \ r. mrHpH nnt nn the other coil (1 4 . 161 a holding current such that the actuator is 
transferred into the final position. 
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5. (Amended) A circuit for determining the offset error of a measurement that is , the 
measurement subject to sueh an offset error of the a coil current I of an electromagnetic 
actuato r(l) having , the circuit comprising: 

at least one coil (1 4 , 16), with a resistor (R) connected in series into a supply line of the 
coil (1 4 , 16), ; 

a differential amplifier (3©)? to which the potential on both sides of the resistor (R) is fed T ; 

and 

a control circuit (33, 3 4 , 35), which evaluates the output of the differential amplifier (30) 
when the coil (1 4 , 16) is not carrying any current during the operation of the actuator^, and 
takes the value obtained is output as the offset error I G . 

6. (Amended) The circuit as claimed in claim 5, characterized in that wherein the output 
of the differential amplifier (3£) is fed together with the output of a constant-voltage source (33) 
to an adding element (31), with th e r e sult that there is always such that an offset error signal of a 
specific polarity is obtained. 

7. (Amended) The circuit as claimed in one of the preceding circuit claims, characterized 
in thnt ; for an actuator with two coils, respectiv e ly claim 5, wherein the actuator has first and 
second coils assigned to a final position (19, 20) , and 

a resistor (R) is connected in the supply line to each coil<44, 46), a the differential 
amplifier (30) respectively taps the voltage dropping across said the resistor, and the control 
circuit (33, 3 4 , 35) evaluates both outputs of the differential amplifiers^©). 

8. (Amended) The circuit as claimed in claim 7, characterized in that wherein the control 
circuit (33, 3 4 , 35) for supplying current to the coils (1 4 , 16) is designed in such a way that, for 
transferring th e actuator (1) first and second coils transfers the actuator into a final position(49, 
20), and 

the first coil (1 4 , 16) assigned to this the final position (19, 20) firstly carries a capture 

current (Fs, Fo) and then, after reaching the final position (19, 20), a holding current(Hs, Ho), 

and in that the control circuit (33, 3 4 , 35) then and a holding current, and the control circuit 

evaluates the output of the differential amplifier (£0) of the ether second coil (16, 1 4 ). . 
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9. (Amended) The method as claimed in one of claims 1 to 4 , characteriz e d in that claim 
1 , wherein the offset error I G is determined and low-pass-filtered se v eral multiple times. 

In the Abstract: 

Please replace the Abstract with the substitute Abstract attached hereto. 
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CIRCUIT AND METHOD FOR DETERMINING AN OFFSET ERROR OF A 
MEASUREMENT SUBJECT TO AN OFFSET ERROR OF A COIL CURRENT OF AN 

ELECTROMAGNETIC ACTUATOR 

Abstract 

When measuring the coil current on an electromagnetic actuator, the current through the 
coil is measured when the actuator is in a final position in which the coil is not supplied with 
current. An offset error can be determined from the measured value then occurring. In the case 
of an actuator which drives a gas exchange valve, the offset error determination is preferably 
performed when the gas exchange valve is in the final position, in which the coil for which the 
offset error is to be determined is not supplied with current 
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Description 



Circuit and method for determining the offset error of 
a measurement that is subject to such an offset error 
5 of the coil current of an electromagnetic actuator 

The invention relates to a circuit and a method for 
determining the offset error of a measurement that is 
subject to such an offset error of the coil current of 
10 an electromagnetic actuator. 

Electromagnetic actuators, which for example drive a 
gas exchange valve of an internal combustion engine, 
usually have at least one coil . An electromagnetic 
15 actuator for gas exchange valves is known for example 
from DE 297 12 502 Ul or EP 0 724 067 Al . It has a 
rest position, which lies between a closed position and 
an open position and from which it can be deflected by 
means of electromagnets. 

20 

To open or close a gas exchange valve driven by this 
actuator, the coil assigned to the respective final 
position is supplied with current, the required current 
being greater in the capture phase than in the holding 
2 5 phase, in which the gas exchange valve is held in the 
final position of the actuator. 

If the corresponding electromagnet is in this case 
simply provided with current, the valve disk of the gas 
30 exchange valve hits the valve seat at high speed, which 
produces noise and is conducive to wear. To avoid 
this, the striking speed must be reduced. For this 
purpose, the current supply is suitably controlled. 

35 For this purpose, it is necessary in the case of 
electromagnetic actuators to measure the coil current. 
This can take place, for example, by potential taps at 
a resistor connected in series with the coil . By means 
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of Ohm's law, the current can be calculated from the 
value of the resistance and the measured voltage drop. 

The voltage drop is usually sensed with an analog 
5 circuit. In the case of such an analog circuit, an 
offset error is unavoidable, i.e. the measured voltage 
is too great or too small. A measuring device which 
performs an automatic offset voltage compensation is 
known from DE 34 2 9 854 Al , but a special hybrid module 
10 is required for it, which is relatively expensive. A 
similarly acting circuit arrangement is known from DE 
34 48 182 C2 . In this case, a memory module is used 
for the offset compensation. 

15 The invention is based on the object of providing a 
circuit of an electromagnetic actuator and a method for 
determining the offset error of a measurement that is 
subject to such an offset error of the coil current of 
an electromagnetic actuator, with the result that no 

2 0 special modules are required. 

This object is achieved by the invention characterized 
in claims 1 and 5 . 

25 The invention is based on" the realization that there is 
a final position of the actuator in which a coil is not 
supplied with current. If the coil current is measured 
at this point in time, the offset error can be 
determined from this. 

30 

In the case of an actuator which is used for example 
for driving a gas exchange valve and in the case of 
which, for opening or closing the gas exchange valve, 
the coil assigned to the corresponding final position 
35 is firstly supplied with a capture current and then 
with a holding current, the determination of the offset 
error is preferably performed on that coil which is 
assigned to the other final position when the coil 
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supplied with current is in the holding phase. This is 
because, at this point in time, it is ensured that the 
coil of the circuit for which the offset error is being 
determined is not supplied with current. In the 

5 capture phase, this is not ensured, since for example 
the current from its previous holding phase can still 
decay or, under certain circumstances, the coil is 
still briefly supplied with current during the capture 
phase for the delayed transfer of the actuator into the 
10 other final position. 

Advantageous refinements of the invention are 
characterized in the subclaims. 



15 An .exemplary embodiment of the invention is explained 
in more detail below with reference to the drawings, in 
which : 



figure 1 shows a section through an actuator for a gas 

2 0 exchange valve of an internal combustion 

engine , 

figure 2 shows the time series of the current flow 
through the two coils of figure 1, 

25 

figure 3 shows a circuit for sensing the coil current- 
through a coil and 

figure 4 shows the states passed through during the 

3 0 operation of the gas exchange valve in a flow 

diagram. 



Figure 1 shows an electromagnetic actuator 1 for a gas 
exchange valve which is designed as a disk valve and 
35 comprises a valve disk 2 with a valve seat 3 and a 
valve stem 4, which is mounted in a guide 5 on the 
housing side and is provided at the upper end with a 
conical piece 6. The valve disk is moved by the 
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actuator 1 between two final positions: in an upper 
final position, the gas exchange valve is closed and in 
a lower final position it is open. 

5 A valve spring 8 arranged between the guide 5 on the 
housing side and the conical piece 6 acts on the valve 
disk, urging it into the closed position. 

The actuator 1 further comprises an upper ferromagnetic 
10 coil former 10 and a lower ferromagnetic coil former 
12, which respectively carry a coil 14 and 16. 

Displaceably mounted within the upper coil former 10 is 
an armature shaft 17, which has a plate-shaped armature 

15 18, which lies between the two .coils 14, 16. The end 
faces 19 and 20 of the two coil formers 10 and 12, 
facing the armature 18, form stops for the armature 18 
and consequently define the upper and lower final 
positions of the gas exchange valve, in which it is 

20 open or closed. 

An actuator spring 22 is clamped between the armature 
shaft 17 and a stop 24 on the housing side and acts on 
the armature 18 in the direction of the open position 

25 of the valve disk 2. The armature 18 rests on the 
valve stem 4 . As long as the coils 14 and 16 are not 
supplied with current, the armature 18 is held by the 
valve spring 8 and the actuator spring 22 in the midway 
position between the two end faces 19 and 20, as 

3 0 represented in the drawing. 

The two coils 14 and 16 are respectively supplied with 
current by a driver circuit 26, 27, which are activated 
by a control circuit 28. 

35 

For measuring the travel of the armature disk 2, a 
piezo element 30* is also provided on the actuator 
spring support. A further piezo element 32 1 is 
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provided on the guide 5 on the housing side. The 
output signals of the two piezo elements 30' , 32 1 are 
fed to the control circuit 28, which uses them for the 
purpose of controlling the striking speed of the 
5 armature 6 against the coil formers 10 and 12 on the 
end faces 19 and 20, respectively, in such a way that 
the valve can be transferred into the respective final 
position without bouncing, with little noise, quickly 
and reliably. 

10 

In figure 2, the current I through the coil 14 or 16 is 
plotted over time t. In this case, the current I 
through the coil 14 is represented by a solid line, the 
current through the coil 16 is represented by a dashed 

15 line. This current flow is set by the control circuit 
28, in order with the aid of a capture, current circuit 
to switch the valve over into the other final position, 
respectively, reliably and without bouncing. For this 
purpose, the holding current Hs, Ho holding the 

20 armature 18 in the respective final position is 
switched off, so that the armature is set in motion in 
the direction of the other final position by the 
relevant, relaxing spring. At the same time, the 
corresponding winding 14 or 18 is supplied with the 

25 capture current Fo, Fs . For closing the valve, the 
coil 14 is supplied with the capture current Fs . If 
the armature 18 is resting on the end face 19, the coil 
14 is then only supplied with lower holding current Hs, 
which is sufficient to hold the armature 18, and 

30 consequently the gas exchange valve, in the closed 
position. 

For opening the gas exchange valve, the holding current 
Hs through the coil 14 is switched off and the capture 
35 current Fo through the coil is switched on. Once the 
armature 18 has come up against the end face 2 0 under 
the action of the valve spring 8 and the actuator 
spring 22 and also the magnetic field generated by the 
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capture current Fo, the supply of current to the coil 
16 is switched over to the holding current Ho and the 
valve disk 2 is held in the open position. To close 
the valve again, the holding current Ho is analogously 
5 switched off and the capture current Fs is switched on. 

In other words, the gas exchange valve passes through 
the states I to IV represented in figure 4. In state 
I, the valve is closed and the holding current Hs is 

10 flowing in the coil 14. Next, in state II, the valve 
is opened, for which purpose the coil 16 is supplied 
with the capture current Fo, and the holding current Hs 
in the coil 14 slowly decays. Once the armature 18 has 
come up against the end face 20, the supply of current 

15 to -the coil 16 is .switched over to the holding current 
Ho and the valve is open (state III of figure 4) . For 
closing, the coil 14 is in turn provided with capture 
current, which is represented in figure 4 as state IV. 
Once the armature 18 has come up against the end face 

20 19, state I exists again. 

In order then to be able to use the current through the 
coil 14, 16 in the control circuit 28, a measurement of 
the coil current is necessary. The driver circuit 
25 required for this purpose is represented together with 
a more accurate representation of the control circuit 
2 8 by way of example in figure 3 . Figure 3 shows the 
driver circuit 26 for the coil 14. The driver circuit 
2 7 is designed in an analogous way. 

30 

As can be seen in figure 3, the coil 14 is activated by 
an asymmetric half -bridge. In this case, the coil 14 
is connected between a highside FET Th, which on the 
other hand is connected to the supply voltage Vcc, and 
35 a lowside FET Tl , which in turn is connected on the 
other hand via a resistor R to the reference potential. 
Connected in the forward direction between the 
reference potential and the connecting nodes of the 



6 



± il O^l • \M $5 & ?,;J « O B D & 13 



coil 14 to the highside FET Th is a diode D2 . 
Connected in the forward direction between the 
connecting nodes of the coil 14 to the lowside FET Tl 
and the supply voltage Vcc is a diode Dl . Finally, the 
5 supply voltage Vcc is connected to the reference 
potential via a capacitor C. Between the lowside FET 
Tl and the reference potential there lies a resistor R . 

A desired current in the coil 14 is controlled by 
10 switching the highside and/or lowside FET Th, Tl on and 
off. In this case, the actual current is measured by 
the voltage drop across the resistor R in the lowside 
branch. The voltage drop is tapped by a differential 
amplifier 30, the output value of which is fed via an 
15 adding node 31 to a filter 33 and on to an 
analog/digital converter 34 and a microcontroller 35. 
In the determination of the voltage drop by means of 
the differential amplifier 30, an offset error is 
unavoidable, whereby the actual current is falsified. 

20 

If the desired current is zero, the highside and 
lowside FETs Th, Tl are turned off. In this state, no 
current flows through the resistor R and the voltage at 
the input of the differential amplifier 30 is zero. On 

25 account of the internal construction of the 
differential amplifier 30, it is possible however for a 
negative voltage to be present at the output as the 
result of an offset error. In the case of a measuring 
chain of a unipolar construction, as usually used in 

30 automotive electrical engineering, however, a negative 
measuring voltage is undesired. For this reason, an 
artificially generated offset is added on at the adding 
node 31. For this purpose, the output of a constant- 
voltage source 32 is additionally fed to the adding 

35 node 31. Consequently, there is always a positive 
voltage present at the input of the filter 33. 
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For determining the offset error, it must be ensured 
that the resistor R is not flowed through by a current. 
This can only be ensured for the coil 14 in the holding 
phase of the other coil 16, since this concerns a final 
5 position in which the coil 14 for the circuit 26 of 
which the offset error is to be determined is not 
supplied with current. After determination of the 
offset error I Q of the non-activated coil, the actual 
current I ra can be corrected as follows when the coil is 
10 next activated in the then- following cycle: 

1 corr = Ira ~ lo 

Preferably, the offset error I Q is measured by being 
sampled several times in the coil 14 and a weighted 
15 average value is formed as follows by using the 
measured values: 
Io.i = Io,i + i ' + Im * k 

This weighted average value is one possible form of 
20 low-pass filter; others are conceivable. In this case, 
I Q ,i is the ith measurement of the offset error, I m is 
the actual value of the current (raw value of the 
analog/digital converter 34) and k is a , weighting 
factor. 

25 

This low-pass filtering takes account of the 
realization that the offset error I Q fluctuates in a 
temperature -dependent manner and changes only slowly 
with respect to the sampling rate with which the offset 
3 0 error is determined. 

The invention was, described above in the case of 
application to an actuator 1 for a gas exchange valve 
of an internal combustion engine. However, it is not 
35 restricted to this, but may also be applied to other 
actuators. The actuator also does not have to have two 
coils; it is sufficient for there to be one final 
position in which a coil is not supplied with current. 
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Patent claims 

1. A method for determining the offset error of a 
measurement that is subject to such an offset error 
of the coil current of an electromagnetic actuator 
(1) , in which method 

the measurement that is subject to the offset error 
of the coil current through a coil (14, 16) is 
performed when the actuator (1) is in a final 
position in which the coil (14, 16) is not supplied 
with current during the operation of the actuator 
(1) , and 

the value obtained is taken as the offset error. 

2. The method as claimed in claim 1, characterized in 
that the coil current is measured by potential 
tapping before and after a resistor connected in 
series with the coil (14, 16), the potential taps 
being fed to a differential amplifier (30) , and a 
constant value being added to the output value of 
the differential amplifier (30) in order always to 
obtain an offset error signal of a specific 
polarity. 

3 . The method as claimed in one of the preceding 
claims, characterized in that, in the case of an 
actuator (1) with two coils (14, 16) respectively 
assigned to a final position, the coil current 
through that coil (14, 16) which is not assigned to 
the present final position is measured for 
determining the offset error. 

4. The method as claimed in claim 3, characterized in 
that, for transferring the actuator (1) into a 
final position, the coil (14, 16) assigned to this 
final position is firstly supplied with a capture 
current and then, after reaching the final 
position, with a holding current, and in that then 
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the determination of the offset error is carried 
out on the other coil (14, 16) . 

5. A circuit for determining the offset error of a 
measurement that is subject to such an offset error 
of the coil current I of an electromagnetic 
actuator (1) having at least one coil (14, 16), 
with a resistor (R) connected in series into a 
supply line of the coil (14, 16), a differential 
amplifier (30) , to which the potential on both 
sides of the resistor (R) is fed, and a control 
circuit (33, 34, 35), which evaluates the output of 
the differential amplifier (30) when the coil (14, 
16) is not carrying any current during the 
operation of the actuator (1) , and takes the value 
obtained as the offset error I Q . 

6. The circuit as claimed in claim 5, characterized in 
that the output of the differential amplifier (30) 
is fed together with the output of a constant - 
voltage source (32) to an adding element (31) , with 
the result that there is always an offset error 
signal of a specific polarity. 

7 . The circuit as claimed in one of the preceding 
circuit claims, characterized in that, for an 
actuator with two coils, respectively assigned to a 
final position (19, 20) , a resistor (R) is 
connected in the supply line to each coil (14, 16), 
a differential amplifier (30) respectively taps the 
voltage dropping across said resistor, and the 
control circuit (33, 34, 35) evaluates both outputs 
of the differential amplifiers (30) . 

8. The circuit as claimed in claim 7, characterized in 
that the control circuit (33, 34, 35) for supplying 
current to the coils (14, 16) is designed in such a 
way that, for transferring the actuator (1) into a 
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final position (19, 20), the coil (14, 16) assigned 
to this final position (19, 20) firstly carries a 
capture current (Fs, Fo) and then, after reaching 
the final position (19, 20), a holding current 
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Abstract 

Circuit for measuring the coil current of an 
electromagnetic actuator and method for determining the 
offset error 

When measuring the coil current on an electromagnetic 
actuator (1), the current (I) through the coil (14, 16) 
is measured when the actuator (1) is in a final 
position (19, 20) in which the coil (14, 16) is not 
supplied with current. An offset error can be 

determined from the measured value then occurring. In 
the case of an actuator (1) which drives a gas exchange 
valve (2, 3, 4), the offset error determination is 
preferably performed when the gas exchange valve (2, 3, 
4) is in the final position (19, 20) , in which the coil 
(16, 14) for which the offset error is to be determined 
is not supplied with current. 

Figure 3 
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Declaration and Power of Attorney For Patent Application 
Erklarung Fur Patentanmeldungen Mit Vollmacht 

German Language Declaration 



Als nachstehend benannter Erfinder erklare ich hiermit 
an Eides Statt: 



dass mein Wohnsitz, meine Postanschrift, und meine 
Staatsangehdrigkeit den im Nachstehenden nach 
meinem Namen aufgefuhrten Angaben entsprechen, 



dass ich, nach bestem Wissen der ursprungliche, erste 
und alleinige Erfinder (falls nachstehend nur ein Name 
angegeben ist) oder ein ursprunglicher, erster und 
Miterfinder (falls nachstehend mehrere Namen 
aufgefuhrt sind) des Gegenstandes bin, fur den dieser 
Antrag gestellt wird und fur den ein Patent beantragt 
wird fur die Erfindung mit dem Titel: 

Schaltuna und Verfahren zur 
Bestimmuna des Offsetfehlers bei einer 
offsetfehlerbehafteten Messunq des 
Spulenstroms eines elektromagnetischen 
Stellqerates 

deren Beschreibung 

(zutreffendes ankreuzen) 

[~1 hier beigefugt ist. 

13 am 10.08.2000 als 

PCT Internationale Anmeldung 

PCT Anmeldungsnummer PCT/DEO 0/02691 

eingereicht wurde und am 

abgeandert wurde (falls tatsachlich abgeandert). 



Ich bestatige hiermit, dass ich den Inhalt der obigen 
Patentanmeldung einschliesslich der Anspruche 
durchgesehen und verstanden habe, die eventuell 
durch einen Zusatzantrag wie oben erwahnt abgean- 
dert wurde. 



Ich erkenne meine Pflicht zur Offenbarung irgendwel- 
cher Informationen, die fur die Prufung der vorliegen- 
den Anmeldung in Einklang mit Absatz 37, Bundes- 
gesetzbuch, Paragraph 1.56(a) von Wichtigkeit sind, 
an. 



Ich beanspruche hiermit auslandische Prioritatsvorteile 
gemass Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten, Paragraph 119 aller unten ange- 
gebenen Auslandsanmetdungen fur ein Patent oder 
eine Erfindersurkunde, und habe auch alle Auslands- 
anmetdungen fur ein Patent oder eine Erfindersurkun- 
de nachstehend gekennzeichnet, die ein Anmelde- 
datum haben, das vor dem Anmeldedatum der 
Anmeldung liegt, fur die Prioritat beansprucht wird. 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are 
as stated below next to my name, 



I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 



Circuit and method for determining the 
offset error of a measurement of the coil 
current of an electromagnetic actuator 
that is subject to such an offset error 



the specification of which 

(check one) 

□ is attached hereto. 

was filed on 10 08 2000 as 
PCT international application 
PCT Application No. PCT/DEOO/02691 

and was amended on 

(if applicable) 



l hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims as amended by any amendment referred to 
above. 



I acknowledge the duty to disclose information which is 
material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations, 
§1- 56(a). 



I hereby claim foreign priority benefits under Title 35, 
United States Code, §119 of any foreign applications I 
for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent 
or inventor's certificate having a filing date before that 
of the application on which priority is claimed: 
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German Language Declaration 



Prior foreign appplications 
Prioritat beansprucht 



19938779.6 



(Number) 
(Nummer) 



(Number) 
(Nummer) 



(Number) 
(Nummer) 



DE 

(Country) 
(Land) 



(Country) 
(Land) 



(Country) 
(Land) 



16.08.1999 

(Day Month Year Filed) 

(Tag Monat Jahr eingereicht) 



(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 



(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 



Priority Claimed 

H □ 
Yes No 
Ja Nein 



□ □ 
Yes No 
Ja Nein 



□ □ 

Yes No 
Ja Nein 



Ich beanspruche hiermit gemass Absatz 35 der Zivil- 
prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefuhrten Anmel- 
dungen und falls der Gegenstand aus jedem Anspruch 
dieser Anmeldung nicht in einer fruheren 
amerikanischen Patentanmeldung laut dem ersten 
Paragraphen des Absatzes 35 der ZivilprozeUordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist, 
erkenne ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1.56(a) meine Pflicht zur Offenbarung von 
Informationen an, die zwischen dem Anmeldedatum 
der fruheren Anmeldung und dem nationalen Oder PCT 
internationalen Anmeldedatum dieser Anmeldung 
bekannt geworden sind. 



I hereby claim the benefit under Title 35. United States 
Code. §120 of any United States application(s) listed 
below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Title 35, United States Code, 
§122, I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1. 56(a) which occured between the filing 
date of the prior application and the national or PCT 
international filing date of this application. 



PCT/DE00/02691 
(Application Serial No.) 
(Anmeldeseriennummer) 



(Application Serial No.) 
(Anmeldeseriennummer) 



10.08.2000 
(Filing Date D, M, Y) 
(Anmeldedatum T, M. J) 



(Filing Date D.M.Y) 
(Anmeldedatum T, M; J) 



anhangig 

(Status) 

(patentiert, anhangig, 
aufgegeben) 



(Status) 

(patentiert, anhangig, 
aufgeben) 



pending 

(Status) 

(patented, pending, 
abandoned) 



(Status) 

(patented, pending, 
abandoned) 



Ich erklare hiermit, dass alle von mir in der vorliegen- 
den Erklarung gemachten Angaben nach meinem 
besten Wissen und Gewissen der vollen Wahrheit 
entsprechen, und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatzlich falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder 
Gefangnis bestraft werden koennen, und dass derartig 
wissentlich und vorsatzlich falsche Angaben die Gul- 
tigkeit der vorliegenden Patentanmeldung oder eines 
darauf erteilten Patentes gefahrden konnen. 



I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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VERTRETUNGSVOLLMACHT: Als benannter Erfinder 
beauftrage ich hiermit den nachstehend benannten 
Patentanwalt (Oder die nachstehend benannten 
Patentanwalte) und/oder Patent-Agenten mit der 
Verfolgung der vorliegenden Patentanmeldung sowie 
mit der Abwicklung aller damit verbundenen Geschafte 
vor dem Patent- und Warenzeichenamt: (Name und 
Registrationsnummer anfuhren) 



German Language Declaration 



POWER OF ATTORNEY: As a named inventor, I 
hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office 
connected therewith, (list name and registration 
number) 



And I hereby appoint 



Customer No. 25227 



Telefongesprache bitte richten an: 
(Name und Telefonnummer) 



Direct Telephone Calls to: 
number) 

Ext. 



(name and telephone 



Postanschrift: Send Correspondence to: 

Morrison and Foerster LLP 
2000 Pennsylvania Ave., NW 20006-1888 Washington, DC 
Telephone: (001) 202 887 1500 and Facsimile (001) 202 887 0763 

or 

Customer No. 25227 



Voller Name des einzigen oder urspriinglichen Erfinders: 

THOMAS FRANZ i - 


Full name of sole or first inventor: 

THOMAS FRANZ 


Untersphrift des Erfinders Datum 


Inventor's signature Date 


Wohnsitz 

NUERNBERG, DEUTSCHLAND 


Residence 

NUERNBERG. GERMANY -D&^ 


Staatsangehorigkeit 

DE 


Citizenship 

DE 


Postanschrift 

HOEFENER STR. 152A 


Post Office Addess 

HOEFENER STR. 152A 


90431 NUERNBERG 


90431 NUERNBERG 


Voller Name des zweiten Miterfinders (falls zutreffend): 

FRANK QUEISSER 2_ 


Full name of second joint inventor, if any: 

FRANK QUEISSER. 


Uptefschrift des Erfinders ./O Datum 


Second Inventor's signature Date 


Wohnsitz " 

REGENSBURG, DEUTSCHLAND 


Residence 

REGENSBURG. GERMANY 


Staatsangehorigkeit 

DE 


Citizenship 

DE 


Postanschrift 

KEILBERGER SCHULWEG 9 


Post Office Address 

KEILBERGER SCHULWEG 9 


93055 REGENSBURG 


93055 REGENSBURG 



{Bitte entsprechende Informationen und Unterschriften im 
Falle von dritten und weiteren Miterfindern angeben). 



(Supply similar information and signature for third and 
subsequent joint inventors). 
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Voller Name des dritlen Miterfinders: 

THOMAS VOGT 




Full name of third joint inventor: 

THOMAS VOGT 


Unterschrift des Erfinders 


Datum 


Inventor's signature 


Date 




Wohnsitz / 

REGENSBURG, DEUTSCHLAND 


Residence 

REGENSBURG. GERMANY 






Slaatsangehorigkeit 

DE 


Citizenship 

DE 


Postanschrift i 

LIGASTRASSE 22 


Post Office Address 

LIGASTRASSE 22 


93049 REGENSBURG 


93049 REGENSBURG 


Voller Name des vierten Miterfinders: 


Full name of fourth joint inventor: 


Unterschrift des Erfinders 


Datum 


Inventor's signature 


Date 




Wohnsitz 


Residence 


Staatsangehorigkeit 


Citizenship 


Postanschrift 


Post Office Address 






Voller Name des funften Miterfinders: 


Full name of fifth joint inventor: 


Unterschrift des Erfinders 


Datum 


Inventor's signature 


Date 




Wohnsitz 
i 


Residence 
» 


Staatsan g ehd rig keit 


Citizenship 


Postanschrift 


Post Office Address 






Voller Name des sechsten Miterfinders: 


Full name of sixth joint inventor: 


Unterschrift des Erfinders 


Datum 


Inventor's signature 


Date 




Wohnsitz 
i 


Residence 

7 


Staatsang ehorlgkeit 


Citizenship 


Postanschrift 


Post Office Address 







(Bitte entsprechende Informationen und Unterschriften im (Supply similar information and signature for third and 



Falle von dritten und weiteren Miterfindern angeben). subsequent joint inventors). 
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